Abstract: The analysis of the huge amount of generated sequence data as well as pyrosequencing noise and chimeric sequences originating from PCR amplification pose a considerable challenge to the individual researcher in doing microbiome studies. The unbiased knowledge about microbial community composition and -structure as well as the interactions with the human host microbiome can give important insights into its role in human health and disease. Here we introduce SnoWMAn, the high-throughput microbiome analysis pipeline and additionally investigate the effects of sequencing noise on non denoised and data denoised using two different approaches.
Introduction
The overall goal of human microbiome studies is to represent complex community composition within a certain habitat of interest and compare it under different conditions, between time points or patients. To characterize and classify complex microbial communities gained directly from environmental samples, a certain variable region of the commonly shared 16S rRNA marker gene is directly amplified and sequenced. Before generated sequences can be classified into operational taxonomic units (OTUs) some preprocessing and filtering steps should be applied to guarantee unbiased community composition representation. Especially when working with pyrosequencing data, noise originating from longer homopolymer stretches (> 4 bps) can lead to an increase in OTUs called OTU inflation. Besides sequencing noise perceived diversity can be increased by chimeric 16S amplification products which were formed out of two or more sequence templates during polymerase chain reaction (PCR). During further analysis these hybrid products can be falsely interpreted as novel organisms, thus inflating apparent diversity and finally lead to false conclusions. The general microbiome data analysis workflow is illustrated in Fig. 1 , where for each step a variety of tools and approaches are available. To simplify microbiome analysis from preprocessing over OTU picking to the final statistical analysis and visualization of the result, we developed the web-based analysis pipeline SnoWMAn. It addresses shortcomings of existing tools, such as number of sequences which can be analysed, reproducibility and usability. Additionally, SnoWMAn is unique in covering the complete analysis workflow, offering different analysis pipelines and reference databases as well as capabilities for statistical analysis and visualization.
Methods
To demonstrate the capabilities of SnoWMAn and to show the effects of pyrosequencing noise we reviewed a previous study on changes in the gut microbiome during diarrhea [1] by denoising the data with Acacia [2] and the mothur [3] implementation of AmpliconNoise respectively. Furthermore, contaminating sequences originating from the host genome as well as potential chimeric sequences had been removed from the amplified sequences by a BLAST approach and uchime respectively. OTUs were built using the Ribosomoal Database Project (RDP)-Pyrosequencing approach using the Infernal alignment v1.1 [4] and a maximal cluster similarity of 6 and similarity steps of 1 %. Additionally, quality filtering based on given quality values per base, number of Ns (discard sequences containing Ns) and length (discard sequences < 150 bp) was applied. Final taxonomic classification was done by the RDP classifier 2.4 [5] .
Results
In addition to the RDP pipeline used here, SnoWMAn users can chose according to the field of application and their study design between two reference based OTU picking pipelines (BLAT, JGast) and three de novo OTU picking pipelines (mothur, RDP, UCLUST). Depending on the selected pipeline various preprocessing-and pipeline parameters such as the applied reference database, the classification model and the clustering settings can be specified. To minimize analysis time as well as to improve result qual- ity it is possible to filter sequences according their length, maximal mount of unidentified bases, or mean sequence quality thresholds. The newly introduced Acacia denoising tool was integrated into SnoWMAn and can be used on demand for identification and removal of noisy sequences. Not only that it was shown to be about 2000x faster than existing tools, additionally, our comparison results in modest difference between the mothur re-implementation of AmpliconNoise and Acacia (see Tab. 1). In respect to chimeric sequences SnoWMAn integrates mothur's uchime for optional chimera detection and removal. After all necessary and optional parameters are specified the numerical intensive analysis task is automatically started. Once the calculation is finished SnoWMAn offers various capabilities for statistical analysis and result visualization such as rarefaction curves for microbial diversity estimation and illustration of species richness (alpha diversity). Species turnover or beta diversity can be calculated and visualized using heatmaps. Comparison of individual microbiomes can be done by the integrated principal component analysis (PCA). Barcharts or piecharts can be used to represent the number of sequences for each sample and give an overview of sequence yields. Additionally, cumulative and endpoint depth of the taxonomic classification can be graphically illustrated. Line plots can be used to reveal sample composition at a specific taxonomic rank to point out compositional mircobiome changes over time. Data can be presented in relative or absolute scale for all chart types. All the generated data can be easily exported either as Excel file or as figures in PNG or SVG format. The comparison of the effects of sequencing noise on community diversity results in enormous OTU-inflation when comparing the number of OTUs resulting from denoised vs. non denoised pyrosequencing data, see Tab. 1. Surprisingly, the number of potential chimerias varies depending on the denoising approach, especially for fecal samples. Moreover, the number of OTUs varies more than expected between AmpliconNoise and Acacia.
Discussion
Here we introduced SnoWMAn as a comprehensive system for high-throughput analysis of microbial community sequencing data as well as the effects of two different denoising approaches. SnoWMAn covers the whole microbiome analysis workflow and offers the two most common analysis approaches in one single pipeline. The user-friendly and intuitive web-interface makes it a convenient resource not only for classification and characterization but also for statistical analysis, visualization and reusing or sharing of the analysis result. Furthermore, the newly integrated denoising and chimara filtering tools satisfy latest findings towards sequencing noise. Although different denoising approaches showed modest variation of noisy sequences the effect on the number of chimeric sequences needs further investigations. The modular design of SnoWMAn allows simplified extension of the classification tools to other genes than the 16S rRNA by providing appropriate reference databases and alignment models.
